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httpcense.Abstract Background: Liver cirrhosis is considered as a major cause of mortality worldwide and
is the most common non-neoplastic cause of death among hepatobiliary and digestive diseases. One
of the least studied complications of liver cirrhosis is the disturbed sleep pattern, which is being
increasingly recognized as a major health problem affecting the quality of life.
Methods: This study included two groups; the ﬁrst group consisted of 30 patients diagnosed as
liver cirrhosis based on abdominal ultrasound and liver biopsy and the second group consisted of 10
healthy subjects served as controls. ESS was calculated for every patient and all patients were sub-
jected to complete overnight polysomnography to detect sleep disturbances among all participants.
Results: Our results showed that cirrhotic patients had ESS, AHI and OSA signiﬁcantly higher
than the control group [16.4 ± 2.6 vs 11.1 ± 1.8, P= 0.0001; 10.9 ± 8.5 vs 2.4 ± 1.6, P= 0.005
and 3.1 ± 3.1 vs 1.1 ± 0.9, P= 0.03, respectively]. The percentage of sleep efﬁciency was signiﬁ-
cantly lower in cirrhotic patients than the control group [61.9 ± 12.9 vs 73.1 ± 7.6 (P= 0.02)].
Also, the percentages of S1, S3–S4 and REM sleep in relation to the total sleep time were signiﬁ-
cantly higher in the cirrhotic patients than the control group (P= 0.01, 0.02 and 0.06, respectively)
while the percentage of S2 was signiﬁcantly lower (P= 0.02). Cirrhotic patients of Child class Cdex; BMI, body mass index;
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448 A.A. Mabrouk et al.had ESS, AHI and OSA signiﬁcantly higher and sleep efﬁciency signiﬁcantly lower than cirrhotic
patients of classes A and B (P= 0.001 for all). Cirrhotic patients with tense ascites had ESS,
AHI and OSA signiﬁcantly higher and sleep efﬁciency lower than patients with mild, moderate,
or no ascites.
Conclusion: This study revealed that cirrhotic patients had disturbed sleep pattern, correlating
with the degree of cirrhosis.
ª 2012 The Egyptian Society of Chest Diseases and Tuberculosis. Production and hosting by Elsevier B.V.
Open access under CC BY-NC-ND license.Introduction
Cirrhosis of the liver is a chronic, diffuse, degenerative disease
in which the parenchyma deteriorates, the lobules are inﬁl-
trated with fat and structurally altered, dense perilobular con-
nective tissue forms and often areas of regeneration develop.
These regeneration nodules have a reduced blood supply
resulting in impaired liver function [1,2].
Ascites is deﬁned as pathological accumulation of ﬂuid in
the peritoneal cavity, 20% of cirrhotic patients have ascites
at the time of diagnosis, while 30% and 50% will develop by
5 and 10 years, respectively [3].
Factors that are taken into account to determine the sever-
ity of cirrhosis include serum albumin, prothrombin concen-
tration, serum bilirubin, ascites and encephalopathy. A point
system known as the Child’s-pough-Turcotte score has been
designed to determine the severity of cirrhosis. Depending on
the total score, patients are classiﬁed as class A (early cirrhosis)
through class C (advanced cirrhosis) [4].
Sleep disturbance and excessive daytime somnolence are
common in patients with cirrhosis. In addition, a disturbance
of sleep is recognized as one of the early signs of hepatic
encephalopathy. Reversal of sleep rhythm, drowziness and
lethargy are classic signs of this disease. Ascites was recently
reported to be a contributing factor to the development of
OSA in patients with liver cirrhosis [5].
Patients and methods
This study was conducted in the sleep unit of the Chest
Department, Menouﬁya University Hospital, in the period
from April 2009 to October 2010. It included two groups;
the ﬁrst group consisted of 30 patients diagnosed as liver cir-
rhosis based on abdominal ultrasound and liver biopsy (10 pa-
tients Child class A, 14 patients Child class B and 6 patients
Child class C according to the modiﬁed Child’s pough score).
They were selected from the Tropical Medicine Department
and its outpatient clinic. The second group consisted of 10
healthy subjects and served as controls.
All patients were subjected to detailed history taking, clin-
ical examination, BMI calculation, plain chest X-ray postero-
anterior and lateral views, ECG and echocardiography,
arterial blood gas analysis, pulmonary function tests, abdom-
inal ultrasonography, laboratory investigations (liver function
tests, kidney function tests, complete blood picture, viral
markers; HCV-Ab and HBs Ag), serum ammonia and liver
biopsy.
ESS was calculated for every patient. It is a questionnaire
for daytime sleepiness scored by asking the patient about the
chance that he or she falls asleep in the following situations:sitting and reading, watching TV, sitting inactive in public
places, e.g., theater or meeting, as a passenger in a car for an
hour without a break, lying down to rest in the afternoon if cir-
cumstances permit, sitting and talking to someone, sitting qui-
etly after lunch without alcohol, and in a car while stopping for
few minutes in a trafﬁc. The item score is estimated by four
points ordinal scale (0–3) for each situation according to the
following: would never fall asleep (0), slight chance to fall
asleep (1), moderate chance to fall asleep (2), high chance to
fall asleep (3). The ﬁnal ESS for the patient is calculated as
the sum of the eight items score and can range from 0 to 24.
All patients were subjected to complete overnight polysom-
nography that was conducted in the sleep unit of the Chest
Department, Menouﬁya University Hospital over a whole
night (8 h sleep). The following parameters were recorded:
EEG, EOG, EMG, ECG, oxygen saturation, snoring, nasal
ventilation, body position, and respiratory effort using tho-
racic and abdominal belts. Apnea was deﬁned as a cessation
of airﬂow for more than 10 s, hypopnoea was deﬁned as limi-
tation of airﬂow below 50% with O2 desaturation P4%, and
apnea/hypopnoea index was deﬁned as number of apne-
as + number of hypopnoeas/hours of study time.Results
Our results show that cirrhotic patients had ESS signiﬁcantly
higher than the control group (P= 0.0001). The percentage
of sleep efﬁciency was signiﬁcantly lower in cirrhotic patients
than the control group (P= 0.02). The numbers of AHI and
OSA were signiﬁcantly higher in cirrhotic patients than con-
trols (P= 0.005 and 0.03, respectively) (Table 1).
Also, as shown in Table 2, the percentage of S1 and S3–S4
in relation to the total sleep time was signiﬁcantly higher in the
cirrhotic patients than the control group (P= 0.01 and 0.02,
respectively) while the percentage of S2 in relation to the total
sleep time was signiﬁcantly lower in the cirrhotic patients than
in the control group (P= 0.02). The percentage of REM sleep
in relation to the total sleep time was higher in the cirrhotic pa-
tients than in the control group but it didn’t reach a signiﬁcant
difference (P= 0.06).
Table 3 shows that there was a signiﬁcant difference be-
tween cirrhotic patients of Child classes A, B and C regarding
the ESS, efﬁciency of sleep, AHI and OSA. Cirrhotic patients
of Child class C had ESS signiﬁcantly higher than cirrhotic pa-
tients of classes A and B (P= 0.001 for both). The percentage
of sleep efﬁciency of cirrhotic patients of Child class C was sig-
niﬁcantly lower than classes A and B (P= 0.001 for both).
Also the numbers of AHI and OSA were signiﬁcantly higher
in Child class C than patients of Child classes A and B
(P= 0.001).
Table 1 Comparison between patients and controls as regards
sleep pattern and breathing abnormalities.
Patients Controls p-value
ESS (mean ± SD): 16.4 ± 2.6 11.1 ± 1.8 0.0001
Sleep eﬃciency % (mean ± SD): 61.9 ± 12.9 73.1 ± 7.6 0.02
AHI (mean ± SD): 10.9 ± 8.5 2.4 ± 1.6 0.005
OSA (mean ± SD): 3.1 ± 3.1 1.1 ± 0.9 0.03
Table 2 Comparison between patients and controls as regards
sleep stages.
Patients Control p-value
S1 (mean ± SD): 7.8 ± 4.4 3.8 ± 2.6 0.01
S2 (mean ± SD): 14.1 ± 11.1 27.1 ± 15.9 0.02
S3–S4 (mean ± SD): 38.5 ± 12.4 28.4 ± 8.7 0.02
REM (mean ± SD): 9.7 ± 3.8 7 ± 4.2 0.06
Sleep pattern changes in patients with liver cirrhosis 449Table 4 shows that the percentage of S1 in relation to the
total sleep time is signiﬁcantly lower in Child class A than
Child class B (P= 0.012). Percentage of S3–S4 in relation to
total sleep time is signiﬁcantly lower in Child class C than
Child class A and B (P= 0.001 and 0.047, respectively) and
in Child B signiﬁcantly lower than Child A (P= 0.001).
REM in relation to total sleep is signiﬁcantly lower in Child
B and Child C than Child A (P= 0.004 and 0.002, respec-
tively). There is no signiﬁcance in S2 percentage in relation
to total sleep time between Child classes A, B and C.
Table 5 shows that cirrhotic patients with tense ascites have
ESS signiﬁcantly higher and sleep efﬁciency lower than pa-
tients with mild, moderate, or no ascites (P= 0.001). AHI
and OSA were signiﬁcantly higher in patients with tense ascites
than patients with mild, moderate or no ascites (P= 0.001).
Table shows that S1 and S2 percentages in relation to the
total sleep time were not signiﬁcantly different between pa-
tients with different degrees of ascites (P> 0.05). S3–S4 and
REM percentage were signiﬁcantly lower in patients with tense
ascites than patients presented with moderate, mild or no asci-
tes (P= 0.008 and 0.004, respectively).Table 3 Comparison of cirrhotic patients of Child classes A, B and
Child A C
ESS (mean ± SD): 13.7 ± 1.2 1
Eﬃciency% (mean ± SD): 73.2 ± 7.8 6
AHI (mean ± SD): 2.8 ± 3.5 1
OSA (mean ± SD): 0.14 ± 0.3 2
P1 = signiﬁcance between Child A and Child B, P2 = signiﬁcance betwee
C.Discussion
Our study revealed that cirrhotic patients had ESS, AHI and
OSA signiﬁcantly higher than the control group, while they
had signiﬁcantly lower percentage of sleep efﬁciency than the
controls (Table 1).
The comparison between both groups regarding the stages
of sleep showed that the percentages of S1 and S3–S4 were sig-
niﬁcantly higher in the cirrhotic patients than the controls,
while there was no signiﬁcant difference between both groups
regarding the percentage of REM sleep. S2 percentage was sig-
niﬁcantly higher in the control group than in the cirrhotic one
(Table 2).
Several mechanisms may be involved in the development of
circadian abnormalities in cirrhosis, including the effect of gut-
derived toxins on the brain [6] and decreased sensorial inputs
that entrain the circadian clock such as insufﬁcient light expo-
sure, social isolation, or low levels of activity and retinohypo-
thalamic and endocrine (e.g., melatonin) abnormalities [7].
The sleep-wake cycle is one of the functions regulated by
the circadian clock, the suprachiasmatic nucleus of the anterior
hypothalamus, which has efferent connections that inﬂuence a
large array of biological functions including the secretion of
melatonin from the pineal gland [8].
For people who sleep ‘‘normal hours’’, natural melatonin
production peaks between 2 am and 4 am, with the peaks
becoming smaller with advancing age. Normally melatonin is
a natural sleep-inducing agent. Because daylight reduces mela-
tonin production and blood levels of melatonin are usually
high at night and low during the day [9].
In patients with cirrhosis, the diurnal plasma melatonin
proﬁle shows a signiﬁcant delay in the onset of plasma melato-
nin increase and a delay in its peak nocturnal level. This dis-
placement of the melatonin proﬁle could be a reﬂection of a
shift in the phase of the circadian clock [10,11].
In cirrhotic patients with ascites, plasma noradrenalin in-
creases compared to cirrhotic patients without ascites and to
normal controls [12]. Several studies reported a positive rela-
tionship between nocturnal noradrenalin level and OSA sever-
ity and oxygenation level [13,14].C as regards sleep pattern and breathing abnormalities.
hild B Child C P-value
7 ± 1.6 19.7 ± 1.5 P1 < 0.001
P2 < 0.001
P3 < 0.006
0.6 ± 7.7 46.3 ± 12.5 P1 < 0.001
P2 < 0.001
P3 < 0.006
1.8 ± 4.9 22.4 ± 6.6 P1 < 0.001
P2 < 0.001
P3 < 0.001
± 1.1 7.3 ± 3.3 P1 < 0.001
P2 < 0.001
P3 < 0.001
n Child A and Child C, P3 = signiﬁcance between Child B and Child
Table 4 Comparison between patients of Child classes A, B and C as regards sleep stages.
Child A Child B Child C p-value
S1 (mean ± SD): 5.6 ± 2.4 10 ± 4.7 6.5 ± 4.5 p1 < 0.012
p2 < 0.786
p3 < 0.136
S2 (mean ± SD): 10.4 ± 3.3 14.1 ± 7.6 20.1 ± 21.8 p1 < 0.23
p2 < 0.551
p3 < 0.9
S3–S4 (mean ± SD): 50.3 ± 10.3 35 ± 7.1 26.8 ± 9.6 p1 < 0.001
p2 < 0.001
P3 < 0.047
REM (mean ± SD): 13 ± 1.1 8.4 ± 3.3 7.4 ± 4.5 p1 < 0.004
p2 < 0.002
p3 < 0.582
Table 5 Comparison between patients with different degrees of ascites as regards sleep pattern and breathing abnormalities.
No Ascites Mild ascites Moderate ascites Tense ascites P-value
ESS (mean ± SD): 13.6 ± 1.1 14.8 ± 1 17.7 ± 0.9 20 ± 1.4 0.0001
Eﬃciency (mean ± SD): 72.6 ± 8 66.4 ± 8.5 59.9 ± 8.2 44 ± 12.5 0.0001
AHI (mean ± SD): 2.4 ± 3.5 7.2 ± 5.7 13.4 ± 4 23.2 ± 7.1 0.0001
OSA (mean ± SD): 0.1 ± 0.2 0.8 ± 0.8 2.4 ± 0.9 8.2 ± 2.8 0.0001
Table 6 Comparison between patients with different degrees of ascites as regards sleep stages.
No ascites Mild ascites Moderate ascites Tense ascites P-value
S1 (mean ± SD): 5.2 ± 2.2 6.6 ± 1.8 10.4 ± 5.1 7.2 ± 4.5 0.25
S2 (mean ± SD): 10.5 ± 3.5 13.9 ± 9.8 13.6 ± 6.7 21.9 ± 23.9 0.77
S3–S4 (mean ± SD): 50.6 ± 10.8 38 ± 8.5 34 ± 8.1 27.8 ± 10.4 0.008
REM (mean ± SD): 13.2 ± 1.1 10 ± 2.8 8.2 ± 4.6 7.7 ± 3.5 0.004
450 A.A. Mabrouk et al.Endogenous synthesis of melatonin during the night de-
pends on b and a adrenergic receptor stimulation by noradren-
alin. CPAP lowers the level of noradrenalin and melatonin due
to better oxygenation [15].
Other hormonal factors having a regulating role of sleep
should also be evaluated as ghrelin and orexin which could
be affected by the disturbed hepatic condition [16].
The comparison of different stages of liver cirrhosis (Child
Pough scoring) according to sleep breathing pattern abnormal-
ities in this study revealed that there was a highly signiﬁcant
difference increasing from Child A to Child C regarding the
ESS, AHI and OSA, while signiﬁcantly decreasing regarding
the percentage of sleep efﬁciency (Table 3).
There was also a highly signiﬁcant difference decreasing
from Child A to Child C regarding the percentage of S3–S4
(which represent deep sleep) and REM sleep, while there was
no signiﬁcant difference regarding S1 and S2 stages (which rep-
resent light sleep) (Table 4).
Other results similar to the present study were reported by
Mostacci et al. [17] who described 178 Patients with cirrhosis
(23.5% Child A, 48.2% Child B, 28.3% Child C) and showed
that the cirrhotic patients complained of more daytimesleepiness (P< 0.005), bad sleep at least three times a week
(P< 0.005), difﬁculties in falling asleep (P< 0.01) and fre-
quent nocturnal awakening (P< 0.005) than controls.
Also, Montagnese et al. [18] studied 87 patients with liver
cirrhosis [59 patients Child A (68%), 16 patients Child B
(18%) and 12 patients Child C (14%)] and concluded that pa-
tients with cirrhosis slept signiﬁcantly less well (i.e. decreased
sleep efﬁciency) than the healthy volunteers (P< 0.01) and
these patients also reported more pronounced daytime sleepi-
ness according to ESS (P< 0.05).
Cordoba et al. [19] demonstrated that 44 patients with cir-
rhosis (73% Child A, 27% Child B) without evidence of hepa-
tic encephalopathy and who were evaluated while performing
their daily routines had abnormalities in the quality of sleep.
Nearly one half (47.7%) of patients attending a liver clinic
complained of unsatisfactory sleep; they showed a nocturnal
sleep characterized by reduced sleeping time and frequent
awakenings compared to healthy subjects. These ﬁnding are
closely comparable to those of the present study.
The comparison between cirrhotic patients with different
degrees of ascites according to their sleep breathing abnormal-
ities revealed that there was a highly signiﬁcant difference
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ESS, AHI and OSA, while signiﬁcantly decreasing regarding
the percentage of sleep efﬁciency (Table 5).
The comparison between cirrhotic patients with different
degrees of ascites according to different sleep stages revealed
that there was a signiﬁcant difference regarding S3–S4 (which
represent deep sleep) and REM sleep decreasing with increas-
ing the amount of ascites, while there was no signiﬁcant differ-
ence regarding S1 and S2 (which represent light sleep)
(Table 6).
Crespo et al. [5] demonstrated that OSA is really more fre-
quent in cirrhotic patients with ascites and suggested that
obstructive sleep apnea might be considered as a complication
in cirrhotic patients with ascites.
Ogata et al. [20] studied 48 patients with liver cirrhosis (16
patients (33.3%) Child A, 16 patients (33.3%) Child B and 16
patients (33.3%) Child C) and demonstrated that AHI values
were 5.5 ± 1.4 in Child A, 14.1 ± 4.7 in Child B and
19.3 ± 13.2 in Child C and that it was signiﬁcantly higher in
Child C than Child B and than Child A (P< 0.05). There were
no patients with central sleep apnea. OSA was observed in pa-
tients with ascites, excluding those with hepatic encephalopa-
thy, but OSA disappeared after the drainage of ascites.
These ﬁndings are in accordance with the present results.
The ascites induces diaphragmatic elevation leading to a de-
creased functional residual capacity, and this can induce oxy-
gen desaturation because of ventilation perfusion mismatch.
However it is less probable that the enlarged abdominal perim-
eter can modify by an unknown mechanism, the upper airway
system and it is more probable that the possible edema of the
pharyngeal and laryngeal soft tissues in these patients could in-
crease the collapsibility of the upper airways, thus facilitating
the appearance of obstructive sleep apnea [5].
The occurrence of sleep abnormalities in cirrhotic patients
cannot be classiﬁed as a cause or a consequence of the disease
till more chemical or physiological effects can be documented.
However impairment in either sleep pattern or hepatic condi-
tion affects deleteriously the other disease.
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